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SYNOPSIS
The thesis entitled  “Synthesis of bioactive peptides on unusual amino acid template and new applications of B(C6F5)3” has been divided into three chapters.

CHAPTER-I: This chapter deals with the introduction to unusual amino acids, earlier synthetic approaches to -hydroxy--aminoacids, dehydrovaline (,-unsaturated--amino acid) and synthesis of fully functionalized unusual dipeptide part potentially useful in Phomopsin A analogs.
Edgar et. al isolated phomopsins A and B (1a and 1b) as the principle mycotoxin from cultures of Phomopsis leptostromiformis. The constituent amino acids of Phomopsin A were identified using degradation studies followed by extensive 1H and 13C NMR. X-ray crystallographic studies confirmed the relative configuration of its eight stereo centers in 1986. The Phomopsin A consists of the unusual amino acid moieties, 2-amino-3-methylbut-3-enoic acid [(S)-3,4-didehydrovaline, H-L-3-∆Val-OH], (2S,3S)-hydroxy isoleucine, (2S,3S)-3-hydroxy-2-(N-methyl)-tyrosine, (E)-2,3-didehydro asparticacid, (E)-2,3-didehydroisoleucine (∆Ile) and  3,4-didehydroproline (∆ Pro).













Phomopsin A 1a is a potent antimitotic agent, member of a family of 13-membered macrolactams. Phomopsin A shows cytotoxic activity by interfering with microtubule function through binding to tubulin. Due to important role of microtubule in cell mitosis, compounds bind tubulin and inhibit its assembly and thus are potential anticancer drugs. Biological studies have shown that this natural product causes similar mycotoxicosis and strongly inhibit polymerization of brain tubulin.
As a part of continued interest in developing simple and elegant strategies for the synthesis of bioactive natural and unnatural products, especially combining chiron approach with asymmetric synthesis, herein, we disclose the full findings on the fully fictionalized unusual dipeptide part methyl (2S)-2-{[(2S,3S)-3-[4-(benzyloxy)-3-bromo-5-chlorophenyl]-3-hydroxy-2-[(tert-butoxycarbonyl)amino]propanoyl]amino-3-methylb -ut-3-enoate 2, which constitutes the key backbone of Phomopsin A. This synthesis was 

	



















taken up as part of designing new hybrid analogues of peptide bioactives. In the retrosynthetic analysis of Phomopsin A, the connection of two fragments can be made 
with amide bond between two amino acids, which led to the key building blocks 3 and 4 respectively. The easily available ortho-chloro phenol 5 and 3-Methyl-2-butene-1-ol 6 were effectively transformed to the target compound 2 involving very straightforward transformations (Scheme 1).
Synthesis of bulding block A (3):
The synthesis of building block A started from commercially available ortho-chloro phenol 5. Ortho-chlorophenol 5 was treated with N-bromosuccinamide in THF at  0 ºC to give the crude 2,4 dibromo-6-chloro phenol, which was subjected to benzylation using benzyl bromide and K2CO3 in acetone to afford benzyl ether 7. Benzyl ether 7 was subjected to Heck reaction with ethyl acrylate in presence of Pd(OAc)2, PPh3 and Et3N at 100 ºC to realize regioselectively the unsaturated ester 8 (Scheme 2).







We anticipated the bromo group C-4 of benzene ring in compound 8 is the least hindered and would provide the required selectivity, which turned out to be true. To confirm the structure of 8, the other possible regio isomer 11 was prepared by following scheme 3.
Reimer-Tiemann reaction of ortho-chloro-para-bromo phenol 9 using sodium hydroxide and chloroform at 60 ºC to give the crude aldehyde, which was subjected to benzylation using BnBr and K2CO3 in acetone afforded benzyl ether 10. The two carbon homologation of compound 11 was carried out using ethoxycarbonylmethylene triphenylphosphine in benzene to give the ,-unsaturated ester 87 (Scheme 3).



	


Due to the difference in the 1H NMR spectra of compounds 8 and 11, we conclude that the Heck reaction of dibromo compound 7 gave regioselectively the compound 8.
	The critical step of introducing stereochemistry at olefinic double bond in 8 was achieved with modified Sharpless asymmetric dihydroxylation condition developed by our group. Interestingly, this substrate under satandard Sharpless asymmetric dihydroxylation condition was resistant. Dihydroxylation of ester 8 using (DHQ)2PHAL, OsO4 and NMO in PEG (400) for 3 h at room temperature resulted the diol 12 in 95% yield with 98% enantiomeric excess. 













The selective α-tosylation of diol 12 using TEA and TsCl in CH2Cl2 afforded the mono tosylated product 13. The azide functionality was introduced in compound 13 using NaN3 in DMF at 65 oC to furnish the azido ester 14. Reduction of azido ester 14 was carried out using TPP in ethanol followed by in situ Boc protection to give the Boc-protected amino ester 15. Hydrolysis of Compound 91 with LiOH.H2O in THF:H2O (8:2) furnished acid 3 and used as such for the next reaction (Scheme 4).

Synthesis of bulding block B (4):
3-Methyl-2-butene-1-ol 7 was subjected to Sharpless asymmetric epoxidation using (+)-diisopropyl tartrate, Ti (O-i-Pr)4 and cumene hydro peroxide at –20 ºC resulted in epoxide 16 with 90% yield and 95% enantiomeric excess. Epoxy alcohol 16 was treated with benzoyl isocyanate in dry THF at 0 ºC and resulted into the corresponding carbamate, which was treated in situ with K+tBuO- at 0 ºC to furnish the oxazolidinone 17. The cleavage of cyclic carbamate and benzyol ester of compound 17 by 2N aqueous potassium hydroxide at 80 ºC followed by in situ Boc protection gave the Boc-protected amino diol 18. The protection of the amino diol 18 using 2,2-DMP and PTSA in dry acetone gave the acetonide 19. 













Reaction of the tertiary alcohol 19 with methanesulfonylchloride in the presence of triethylamine by β-elimination gave unsaturated compound 20. The Jones` oxidation of unsaturated compound 20 concomitantly cleaved isopropylidene group and also oxidized the 1o alcohol group to acid, which was characterized as its methyl ester 21. The N-terminal compound 21 was deprotected with TFA in dry CH2Cl2 to afford amine salt and basified by Na2CO3 gave free amine 4, which was used as it is for the next reaction (Scheme 5).
Synthesis of dipeptide 2:
Coupling of 3 and 4 in presence of HOBt/EDCI/DIPEA in dry CH2Cl2 gave target dipeptide 2 (Scheme 6).










CHAPTER-II: This chapter deals with synthesis of new class of hybrid α/β peptides (L-alanine and cyclic cis β-furonoid sungar amino acid as monomers) forming a left handed 11 and 14/15 helix. 
The secondary structure of peptides, i.e. helices, turns, and sheet like conformations are determinant factors of their biological factors both in  and -amino acid derivatives. Oligomers of -amino acids are more resistant to enzymatic hydrolysis and degradation than -peptides and this property is of interest for the construction of biomimetic polymers. An important class of -amino acid derivatives is the antibiotic    -lactams.         
The sugar amino acids are part structures of several natural products and very important components. Due to the importance of such unusual amino acids and nonavailability from ‘chiral pool’, the synthetic organic chemists were prompted to develop new and efficient strategies for the synthesis of such amino acids enroute to synthesise both natural products and peptidomimetics. Glycosyl amino acids and glycosylpeptides are obtained by enzymic or chemical cleavage of glycoproteins, or by chemical or enzymic synthesis. The final goal of these synthetic efforts is the development of gycopeptide-based drugs with improved pharmacokinetic properties.
The synthesis of Cis-f-SAA is fast and straightforward and starts from cheap, commercially available D-Glucose 1. It was protected by acetonide using H2SO4 in acetone. Inversion of configuration at C-3 position in glucose di acetonide 2 was carried out by oxidation (PDC/CH2Cl2) followed by reduction using NaBH4/MeOH. The inverted alcohol 3 was converted into its tosylate using TsCl/Py. Tosylate was brought to reaction with NaN3 at 135 oC in DMF for 6 h to yield the azide 4. The exocyclic hydroxilic groups of azide 4 are quantitatively and selectively deprotected to diol 5 using 0.8% H2SO4 in methanol. Subsequently, the diol 5 is oxidatively cleaved using NaIO4, followed by NaClO2, NaH2PO4, H2O2 oxidation to yield azido acid 6. The azido acid 6 was converted to methyl ester 7 using ethereal diazomethane followed by reduction with 10% Pd-C and di-ter-butyl dicarbonate gave sugar monomer (S) 8.















	L-Alanine 9 treated with AcCl in MeOH furnished the methyl ester and the amine functionality was protected as Boc-derivative [Boc-(LAla)-OCH3] 10 using (Boc)2O and Et3N in THF. 
   





The N-terminal Boc-(LAla)-OCH3 10 was deprotected with TFA in dry CH2Cl2 to afford amine salt 11, which was coupled with azido sugar acid 6 under standard reaction conditions in presence of HOBt/EDCI/DIPEA in dry CH2Cl2 to result azidodipeptide 12. This azide was reduced, followed by protection with Boc anhydride, gave SA-dimer 13.













Same sets of reactions were carried out for Boc protected SA-trimer 14, SA-tetramer 15 and SA-octamer 15.




















Accordingly, for the prepartion of AS-dipeptide [Boc-(LAla-f-SAA)-OCH3] 19, hydrolysis of Boc-(LAla)-OCH3 10 with LiOH.H2O in THF:H2O (8:2) furnished acid 17 and used as such for the next reaction. The N-terminal azidosugar monomer 7 was reduced with 10% Pd-C in ethyl acetate under hydrogen atmosphere gave free amine 18, which was used as it is for the next reaction. Coupling between 17 and 18 were subjected to coupling under standard reaction conditions in presence of HOBt and EDCI in dry CH2Cl2 to result AS-dipeptide 19.















Same sets of reactions were carried out for Boc protected AS-trimer 20, AS-tetramer 21 and AS-octamer 22.



















In conclusion, new class of distinctively folded hetero oligomers (15, 16 and 21, 22) were synthesized by combining a -amino acid (L-Alanine monomer) 10 and cyclic cis-β-furanoid Sugar amino acid 8 (cis-β-FSAA) residues in a sequentially alternating pattern. NMR, CD, IR and molecular dynamics studies confirmed a left handed 14/15 helix in 15 and 16 peptides, a left handed 11 helix in 21 and 22 peptides.






CHAPTER-III: This chapter deals with new applications of Tris pentafluorophenyl borane as a non-conventional Lewis acid catalyst for the selective functional group transformations.
Tris(pentafluorophenyl)borane is gaining prominence as an unconventional and viable alternative for boron-based Lewis acids, since it is commercially available, considerably more hydrolytically stable and comparable in Lewis acidity to Boran- trifluoride, and devoid of the problems associated with reactive B–F bonds.
In recent years, tris(pentafluorphenyl)borane has attracted much attention as a powerful catalyst in many organic transformations. Due to its uniqueness, it is a ubiquitous component of many important alkyl-based olefin polymerization catalysts and functions in nontraditional Lewis acid catalyzed reactions involving cleavage of epoxides, non-activated aziridines, aryl and alkyl ethers. 

Section I: Tris(pentafluorophenyl)borane catalyzed Ferrier azaglycosylation with sulfonamides and carbamates. 
2,3-unsaturated glycosides are versatile chiral intermediates in the synthesis of several biologically active natural products. 2,3-Deoxy sugars, derived from 2,3–unsaturated glycosides, are important building blocks in many bioactive molecules such as antibiotics. The acid catalyzed allylic rearrangement of glycals in presence of nucleophiles, known as Ferrier rearrangement, is widely employed to obtain                        2,3-unsaturated glycosides.  The reaction, as originally stated by Ferrier, involves intermediacy of a cyclic allylic oxocarbenium ion to which the nucleophile adds preferentially in quasi-axial orientation.  A variety of reagents are employed to effect this transformation, which include strong acids as well as oxidants.
Direct conversion of glucals to N-pseudoglycals with sulfonamides and carbamates as nitrogen nucleophiles is not reported. sulfonamides and carbamates are useful protecting groups for amines and can easily undergo further conversions using well-established protective group chemistry. Furthermore, they play an important role in chemotherapy, and have been investigated for their anticancer properties.
However, B(C6F5)3 has not previously been used for Ferrier glycosylation with any kind of nucleophiles.
A new and highly efficient protocol has been developed for the synthesis of azapseudoglycals from 3,4,6- tri-O-acetyl-D-glucal with different nitrogen nucleophiles using a catalytic amount of tris(pentafluorophenyl)borane (Scheme 1).






In order to establish the optimum reaction conditions, the reaction was first studied on 3,4,6-tri-O-acetyl-D-glucal treated with benzenesulfonamide 1a in the presence of 0.5 mol% of B(C6F5)3 in acetonitrile at room temperature provided the benzenesulfonamido 2,3-unsaturated glycoside 1b in 91% yield with high -selectivity).  Another nucleophile methane sulfonamide 2a was treated with D-glucal, again the reaction was clean and the product was obtained in 90% yield with the α-anomer as a major product. These two examples demonstrate that not only simple sulfonamides, but also N-substituted sulfonamides, carbamates succumb to present protocol (Table 1).
A comparative study was carried out using tri-O-acetyl-D-glucal and TsNH2 as a model system with different Lewis acids (Table 2). For example, treatment of glucal with TsNH2 in the presence of 1 mol% of BF3.Et2O led to a complex mixture, while with AlCl3 there was no reaction. However, InCl3 gave the product in moderate yield and Sc(OTf)3 was found to be as effective as B(C6F5)3 for this conversion but with lower selectivity. Among these catalysts, B(C6F5)3 was found to be mild and more effective than others in terms of yields, reaction profiles and selectivity (Table 2).
		

















In conclusion, tris(pentafluorphenyl)borane has been demonstrated to be an efficient and mild catalyst for the Ferrier azaglycosidation of tri-O-acetyl-D-glucal with sulfonamides and carbamates.  We believe this protocol will provide a useful entry to N-pseudoglycals under mild and simple conditions, with high yields.










































Section II: Tris(pentafluorophenyl)borane catalyzed chemoselective conjugate reduction of Michael acceptors using polymethylhydrosiloxane (PMHS).
The ability to perform conjugate reduction on highly functionalized molecules in a controlled fashion poses a continuing challenge. During recent years, the design of an alternative family of reducing systems that can selectively transfer a hydride group to various electrophilic functionalities were developed. Group 14 metal hydrides, especially silicon hydrides, represent a satisfactory choice of nonreactive hydride donors, as in the absence of a catalyst; they are known to be poor reducing agents. Silicon hydrides are an important class of reducing agents, reasonably stable under normal conditions, requiring activation with transition metal complex, fluoride ion or Lewis acids. A judicious selection of the silane, catalyst and reaction conditions holds a great promise for improved chemoselectivity, as well as regio and stereocontrol.
Polymethylhydrosiloxane (PMHS) is such an attractive reducing reagent for environmentally benign reductive processes because it is inexpensive, non-toxic, and stable to air and moisture. This is in marked contrast to commonly used reducing agents such as lithium aluminium hydride, borane and hydrogen, which are all clearly hazardous. 
B(C6F5)3 effectively catalyzes PMHS, and we found that the combination of PMHS and catalytic amount of B(C6F5)3 as  an efficient reducing system for rapid defuctionalization of carbonyl compounds and also for reductive etherification of carbonyl compounds with TMS ethers.
A new and an efficient protocol has been developed for highly chemoselective conjugate reduction of electron deficient Michael acceptors, including ,-unsaturated ketones, carboxylic esters, nitriles and nitro compounds with PMHS in the presence of catalytic B(C6F5)3 with  wide functional group tolerance.





Initially,-unsaturated ketone 1a was treated  with PMHS (2 equivalents) in the presence of 0.5 mol% of B(C6F5)3 in dichloromethane at room temperature provided the corresponding saturated ketone 1b in 81% yield. Interestingly it was found that, the transformation proceeded smoothly without affecting easily reducible isolated double bond in Carvone. Encouraged with these findings we have extended the reaction conditions for conjugate reduction of α,β-unsaturated cyanoesters, carboxylic esters, nitro and nitriles (Table 1).
 When attempts were made to improve the yields by increasing the amount of the catalyst B(C6F5)3 to 1 mol%, the reaction resulted in the mixture of saturated and unsaturated complex mixtures with partial reduction of ketone moiety to methylene functionality.  
For comparison, entry 1a and entry 4a were studied with several other Lewis acids AlCl3, Ti(OiPr)4, TMSOTf, BF3.Et2O, ZnCl2 (in presence of 2.0 mol% of Pd(PPh3 )4  and 1 eq. of ZnCl2), ZrCl4, and CeCl3.7H2O with PMHS following similar protocol (Table 2).  The reaction with zinc chloride and TMSOTf looked promising but suffered with lower yields and longer reaction times when compared with PMHS-B(C6F5)3 system.  Even when the amount of the catalysts viz., AlCl3, Ti(OiPr)4, BF3.Et2O, 













ZrCl4, and CeCl3.7H2O were increased from 0.5 mol% to 20 mol% the reactions did not progress.  Thus the PMHS-B(C6F5)3 system was found to be superior than other PMHS-Lewis acid combinations (Table 2).
In conclusion, PMHS along with catalytic amount of B(C6F5)3 was found to be a unique reagent system for conjugate reduction of Michael acceptors. This unique reagent was also found to sustain the easily reducible aromatic halides, nitro groups, nitriles and isolated double bonds thus providing an attractive alternate system for chemoselective reductions. Currently, application of this novel reagent for chiral version, understanding mechanistic properties and further studies on the scope for this reagent system is under progress.                          
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